Introduction
============

Background
----------

Unhealthy diets pose a substantial threat to public health. Globally, dietary risk factors account for 11.3 million deaths and 241.4 disability-adjusted life years per year \[[@ref1]\]. In the United Kingdom, dietary risk factors account for nearly one-fifth of deaths and one-tenth of disability-adjusted life years \[[@ref2]\]. Improvements in diet could be achieved by tackling key determinants of food choice.

Price is a key determinant of food choice: 36% of shoppers consider price to be the most important, and 90% of shoppers list price in the top five most important influences on food purchases in the United Kingdom \[[@ref3]\]. Health-related food taxes and subsidies (HRFTS) are interventions that raise the price of unhealthy foods or lower the price of healthy foods to encourage healthier diets. Several HRFTS have been implemented. Sugar-sweetened beverage taxes have been introduced in Mexico, France, and Chile \[[@ref4]-[@ref6]\] and recently announced in the United Kingdom \[[@ref7]\]. Dominica applies an excise tax to foods and drinks with high sugar content; Hungary has a public health tax that is applied to selected foods, including those with high salt or sugar content; and Finland levies taxes on confectionery and ice-cream \[[@ref6]\]. Other HRFTS that have been suggested include subsidies on healthy foods and taxes based on nutrient profiling models \[[@ref8]\]. HRFTS are one of the several population interventions recommended by the World Health Organization \[[@ref9]\].

In the United Kingdom, the majority of food is purchased in supermarket chains \[[@ref10]\]. This makes supermarkets an important environment to consider when examining the impact of specific price changes on food purchasing. However, testing the impact of HRFTS and other interventions in real supermarkets is difficult. Supermarkets may not wish to participate in trials where there is a risk of reduced sales, loss of customers, or negative media coverage (eg, taxes on unhealthy foods). Nationwide promotional and pricing strategies by retailers may limit what interventions can be implemented at individual sites, and there may be reluctance to implement interventions that depend on the input of supermarket staff time (eg, changing product placement). The resources required to run full trials in real supermarkets (eg, the cost of subsidies) also prohibit the number of interventions that can be tested in real supermarkets. Evidence on the effects of interventions on supermarket purchases may therefore need to be gathered by other means---virtual supermarkets are one prospect.

A virtual supermarket is a three-dimensional (3D) graphical representation of a real supermarket in which participants can complete shopping tasks. Virtual supermarkets have been previously used to examine price interventions and have been validated against real supermarket purchases \[[@ref11]-[@ref13]\]. In these virtual supermarkets, participants are asked to complete a shopping task specified by researchers and do not pay real money or receive real versions of the foods purchased in the virtual environment. The New Zealand Virtual Supermarket (NZVS) was validated by comparing participants' real-life purchases with those made in the NZVS over a 3-week period \[[@ref13]\]. The validation study found that shopping patterns in the NZVS were comparable with those in real life: the four food groups with the highest relative expenditure were the same, and there was no trend of overspending in the NZVS.

Objectives
----------

This paper introduces a United Kingdom Virtual Supermarket (UKVS) that resembles a small supermarket store and presents the results of a feasibility study assessing recruitment, retention, purchasing variability, and participant responses to the newly developed software. In this study, we recruited participants to complete two shopping tasks and sociodemographic questionnaires at a single time point. The shopping tasks asked participants to purchase all foods for their household for at least the next day, which was in line with previous studies \[[@ref14]-[@ref16]\] and likely to be comparable with smaller top-up shops that comprise around 60% of household food spending in the United Kingdom \[[@ref17]\]. We also examined differences in the above across different income groups. Lack of evidence on the differential impacts of HRFTS among population subgroups has been identified in a number of reviews \[[@ref18]-[@ref20]\]. In addition, previous experimental studies of food pricing strategies have observed differential recruitment and retention rates by participant group, possibly linked to differences in ease of participation \[[@ref21]\]. Finally, as no previous UKVS studies have been done, we needed to collect data on purchases and variability in purchases to assess likely sample sizes for randomized controlled trials (RCTs) in the UKVS.

This study aimed to address the following research questions:

-   How effective are online methods, plus snowballing, for the recruitment of participants for a UKVS study?

-   What are the dropout rates for a UKVS study?

-   How much variability is there in next-day shopping behavior in the UKVS?

-   How do participants report ease of participation and appreciation of the UKVS?

-   Do recruitment and dropout rates, variability in next-day shopping behavior, and ease of participation vary by income group?

Methods
=======

Development of the UK Virtual Supermarket
-----------------------------------------

The use of the existing Dutch Virtual Supermarket \[[@ref22]\] as the template for a new UKVS was agreed with researchers at VU University Amsterdam and SURFsara, a not-for-profit software development company that was responsible for the development of both the Dutch and New Zealand versions of the virtual supermarket.

The creation of the UKVS from the Dutch Virtual Supermarket template comprised the replacement of Dutch products with UK products, changes to the software to make it fit within the UK context (eg, English aisle signs), and changes to the study procedure format. The UKVS most closely represents a smaller supermarket in the United Kingdom and not a large superstore. Screenshots from the completed UKVS are displayed in [Figure 1](#figure1){ref-type="fig"}.

![Screenshots from the United Kingdom Virtual Supermarket.](jmir_v19i10e343_fig1){#figure1}

Shelf spaces were allocated to food categories based on the distribution of shelf spaces in surveys of three actual small supermarket stores in the United Kingdom. This set the number of product spaces that were available in each food category. Data from the Living Costs and Food Survey \[[@ref23]\] were used to check that popular food categories were represented in the shelf space allocation. Nonfood items were excluded from the UKVS, and the virtual supermarket did not contain end-of-aisle displays or products at the checkout.

An online supermarket \[[@ref24]\] was used to review the full range of products available in each food category allocated spaces in the UKVS. We recorded information on the number of products, price range, sizes available, brands, top sellers, and types of product. Specific products were selected to reflect popularity (from the *top sellers* list) and to reflect diversity within each category. For example, there were three spaces allocated to fresh pizza in the UKVS. The available products ranged in price from £0.55 to £4.50, varieties included thin base and deep base, and most pizzas had meat-based toppings. The final products selected were a supermarket value-brand cheese and tomato 7-inch pizza (top seller), Pizza Express American pepperoni pizza (one of the top-selling thin base options), and a supermarket own-brand deep pan ham and pineapple pizza (one of the top-selling deep pan options). *Meal Deal* products that were not available online were selected from actual products available in a real small store. A total of 530 real products were selected, which is similar to the original Dutch version of the virtual supermarket, containing 512 products \[[@ref22]\]. Full details on the selected products are available from the authors on request.

Moreover, 3D models of the selected UK products were created in Blender (Blender Foundation, Amsterdam, Netherlands), an open source product modeling software \[[@ref25]\], using images provided by Brandbank (one of the largest providers of digital product information \[[@ref26]\]). The 3D models were designed to replicate the real products (eg, branding, size, color, and style of packaging). Where the real products were supermarket own-brand varieties, the supermarket name was blurred in the 3D model, but all other aspects of the packing were retained. Brand names (eg, Heinz) were retained in the 3D models. Nutritional information was provided by Brandbank and supplemented by matching products with online equivalents. Usual prices (ie, excluding offers) for the selected products were collected from the same supermarket website in January 2016.

Software Testing
----------------

Following the development of the UKVS, software testing was conducted with a convenience sample of 20 adults to ensure the software was working appropriately. Software testers completed the same study procedure that was used in this study and were then interviewed in person or over the phone. The protocol and detailed results from software testing are available from the authors on request. Minor changes were made to the content and layout of participant information screens (eg, information on expected time commitment and additions to the frequently asked questions section) based on software testing participants' comments.

Participants
------------

For the actual study, potential participants had to be older than 18 years, able to speak and read English, be the primary household shopper, have access to a computer with a working Internet connection, have an email address, and be confident in using basic computer skills. As data collection in the UKVS is conducted at the household level, only one person from any household was eligible to take part.

Setting
-------

Participants could complete the study remotely from any location with access to a computer and Internet connection. Participants were recruited, consented, and completed the study online, and data were transferred securely to a university-hosted server via the Internet.

Sample Size
-----------

As this was a feasibility study, no formal sample size calculations were conducted. This feasibility study aimed to recruit 30 participants in each UK equivalized income tertile. The cut-offs for equivalized income tertiles were derived from the Living Costs and Food Survey \[[@ref23]\]: low income was defined as equivalized income \<£12,844 per year, middle income was £12,844 to £21,372 per year, and high income was \>£21,372 per year. On the basis of dropout rates of around 25% in previous virtual supermarket studies \[[@ref11]-[@ref13]\], it was anticipated that recruiting 30 participants in each income tertile would result in approximately 23 study completers per income tertile.

Recruitment
-----------

Participants were recruited via a combination of a free Web-based participant recruitment website \[[@ref27]\], Facebook adverts, and snowballing. Recruitment took place over 8 weeks beginning March 2016. The Call for Participants advert was displayed for the entirety of the recruitment period. Facebook adverts were planned for the first 30 days, with a maximum lifetime budget of £250. On the basis of recruitment from previous studies using Facebook adverts \[[@ref2]-[@ref5]\], we estimated that the adverts would generate an average of 58 clicks per day and lead to daily recruitment of 3.6 participants. Additional strategies were in place to recruit through community groups if the estimated sample size was not met in the first 30 days of recruitment.

Procedure
---------

Participants read the participant information sheet and completed a Web-based consent form on the UKVS website. Upon submission of the consent form, the participant received an automated email with a unique participant identifier or password combination and a link to download the UKVS software. Participants were sent email reminders 1 and 2 weeks after consent if they had not completed the study procedure. Email reminders have previously been shown to increase response rates, but it has been suggested that more than two reminders increase the number of people who view the email as spam \[[@ref28]\].

The UKVS study procedure consisted of a preshop questionnaire that gathered sociodemographic details and shopping habits of the household, two *next-day* shopping tasks, and a postshop questionnaire that gathered participant responses to the UKVS software. The participants completed the entire study procedure in one sitting. For the shopping tasks, participants were provided with the following instructions: "Imagine that you have no food or drink in the house (apart from herbs and spices). It is the evening and you are going to the supermarket to buy all the food and drinks for your household for tomorrow. You only need to buy the foods that you would normally purchase in the shop. For example, if you have lunch in the canteen at work, you don't need to buy lunch in the UK Virtual Supermarket." We refer to this shopping task as a next-day shopping task throughout the paper, as it requires participants to choose enough food for at least the next day. No restrictions were placed on the total amount that participants could purchase; we expected purchases to be in excess of food requirements for the next day owing to package size restriction (eg, breakfast cereal box is likely to last more than 1 day). Participants were told to imagine that the second shopping task took place a week after the first shopping task. This procedure is similar to instructions that have been provided to participants in other studies examining responses to food price changes \[[@ref14]-[@ref16]\]. All purchases were virtual---participants did not use their own money, and they did not receive actual food products purchased in the UKVS.

Outcome Measures and Analysis
-----------------------------

Outcome measures were collected in relation to four domains: recruitment, participant characteristics, participant purchases, and participant feedback on the UKVS. Participant characteristics collected included age, gender, household income, occupation, and typical shopping habits (eg, usual spend, usual supermarket, and proportion of food purchased in supermarkets). Expenditure and quantity data for participant purchases in the UKVS were collected. UKVS purchase data were combined with each products' nutritional information to determine the total nutrient content of the basket for energy, protein, carbohydrates, sugars, total fat, saturated fat, salt, and fiber. We also calculated the percentage of the sample that made purchases in each food category. Participants' feedback was gathered in relation to ease and understanding of the shopping tasks, UKVS product choice, and whether UKVS purchases were representative of typical food shopping behavior.

Using the purchase data, we estimated the number of participants that would be required to detect 5%, 10%, and 20% changes in nutrient purchases using analysis of covariance (ANCOVA) methods in a full trial in the UKVS. We used the power twomeans command for estimating sample size in STATA \[[@ref29]\], assuming power=0.8 and Cronbach alpha=.05. These values were then adjusted to the sample size that would be required for ANCOVA using the Borm and colleagues' method that incorporated estimates of the correlation between the two shops for the nutritional variables \[[@ref30]\].

Ethical Approval
----------------

The feasibility study received ethical approval from the University of Oxford Medical Sciences Inter-Divisional Research Ethics Committee (reference no. MSD-IDREC-C1-2013-149).

Results
=======

Recruitment
-----------

A total of 96 participants consented to take part in the feasibility study. [Figure 2](#figure2){ref-type="fig"} shows the number of participants recruited in each week of the study by recruitment method. No participants were recruited in week 3 because the Facebook adverts were temporarily suspended to review the study website.

Differences in Recruitment by Equivalized Income
------------------------------------------------

A total of 30% (29/96) of participants were classified as belonging to the lowest (national) income tertile, 16% (16/96) to the middle income tertile, and 26% (25/96) to the highest income tertile. Furthermore, 27% (26/96) of the participants did not provide sufficient details for their equivalized household income to be calculated. Further details of recruitment method by income tertile are provided in the [Multimedia Appendix 1](#app1){ref-type="supplementary-material"}.

Facebook Adverts
----------------

Facebook estimated that there were 5.4 million users daily that met the advert target audience. Demographic characteristics for those who saw and clicked on the adverts are shown in the [Multimedia Appendix 1](#app1){ref-type="supplementary-material"}. In total, the Facebook adverts were shown on 374,996 occasions to 183,399 Facebook users. The adverts generated 690 clicks through to the UKVS study website.

Completion and Participant Characteristics
------------------------------------------

Out of the 96 participants, 46 fully completed the study procedure, and 2 participants partially completed it (only one shopping task completed). There were significant differences in completion by household size, income, and equivalized income tertile, with lower completion rates in smaller and poorer households. Demographic characteristics for completers and noncompleters are shown in [Table 1](#table1){ref-type="table"}, with further demographic details for completers presented in the [Multimedia Appendix 1](#app1){ref-type="supplementary-material"}.

Participant Feedback
--------------------

[Table 2](#table2){ref-type="table"} displays participant responses to statements relating to the ease of use, product choice, and similarity of UKVS purchases to real purchases. The majority of participants appeared to have adhered to the instructions for the shopping tasks. Typical weekly budget correlated with the amount spent in shopping tasks (*r*=.56). The concept of a next-day shopping task appeared familiar to most participants. Furthermore, 24 (50%, 24/48) participants reported that they do next-day shopping tasks monthly or more often, and 10 (22%, 10/48) participants reported doing next-day shopping tasks at least a few times per year. However, 7 (15%, 7/48) participants reported that they never did next-day shopping tasks.

![Recruitment over time, by recruitment method.](jmir_v19i10e343_fig2){#figure2}

###### 

Characteristics of completers and noncompleters.

  ------------------------------------------------------------------------------------------------------------------------------
  \                                             \                       \                      \              *P* value^a^   
  Characteristics                               Completers (n=48)       Noncompleters (n=48)   Total (n=96)                  
  --------------------------------------------- ----------------------- ---------------------- -------------- -------------- ---
  Age in years, mean (standard deviation)       38.5 (2.3)              37.3 (2.3)             37.9 (1.6)     .69            

  **Household size, n (%)**                     \                       \                      \              .03^b^         

  \                                             1                       16 (33)                12 (25)        28 (29)        \

  \                                             2                       23 (48)                17 (35)        40 (42)        \

  \                                             3                       6 (13)                 5 (10)         11 (12)        \

  \                                             ≥4                      3 (6)                  14 (29)        17 (18)        \

  **Responsibility for food shopping, n (%)**   \                       \                      \              .42            

  \                                             All                     26 (54)                28 (58)        54 (56)        \

  \                                             Most                    13 (27)                7 (15)         20 (21)        \

  \                                             Half                    8 (17)                 9 (19)         17 (18)        \

  \                                             Little                  1 (2)                  3 (6)          4 (4)          \

  \                                             None                    0 (0)                  1 (2)          1 (1)          \

  **Computer type, n (%)**                      \                       \                      \              .68            

  \                                             Windows 8               8 (17)                 7 (15)         15 (16)        \

  \                                             Windows 7               17 (35)                12 (25)        29 (30)        \

  \                                             Windows Vista           0 (0)                  2 (4)          2 (2)          \

  \                                             Mac OS                  13 (27)                12 (25)        25 (26)        \

  \                                             Other or unknown        11 (23)                14 (29)        25 (26)        \

  **Computer age in years, n (%)**              \                       \                      \              .91            

  \                                             \<1                     7 (15)                 7 (15)         14 (15)        \

  \                                             1-5                     33 (69)                33 (69)        66 (69)        \

  \                                             \>5                     6 (13)                 7 (15)         13 (14)        \

  \                                             Unknown                 1 (2)                  1 (2)          2 (2)          \

  **Recruitment method, n (%)**                 \                       \                      \              .14            

  \                                             Call for participants   3 (6)                  3 (6)          6 (6)          \

  \                                             Facebook advert         4 (8)                  10 (21)        14 (15)        \

  \                                             Friend or family        32 (67)                23 (48)        55 (57)        \

  \                                             Other                   9 (19)                 12 (25)        21 (22)        \

  **Income, n (%)**                             \                       \                      \              .02^b^         

  \                                             £0-£15,000              9 (19)                 11 (23)        20 (21)        \

  \                                             £15,000-£25,000         14 (29)                4 (8)          18 (19)        \

  \                                             £25,000-£50,000         13 (27)                9 (19)         22 (23)        \

  \                                             More than £50,000       7 (15)                 9 (19)         16 (17)        \

  \                                             Unknown                 5 (10)                 15 (31)        20 (21)        \

  **Equivalized income tertile, n (%)**         \                       \                      \              \<.01^b^       

  \                                             Low                     8 (17)                 21 (44)        29 (30)        \

  \                                             Middle                  16 (33)                0 (0)          16 (16)        \

  \                                             High                    21 (44)                4 (8)          25 (26)        \

  \                                             Unknown                 3 (6)                  23 (48)        26 (27)        \
  ------------------------------------------------------------------------------------------------------------------------------

^a^Values represent *P* values for Fisher exact test, apart from for age where a *t* test was conducted to test for differences between completers and noncompleters.

^b^Statistically significant difference between completers and noncompleters at *P*\<.05.

###### 

Participant perceptions of the United Kingdom Virtual Supermarket (UKVS); n=46.

  Statement                                                                                                                                         Strongly agree or agree, n (%)   Neither agree nor disagree, n (%)   Disagree or strongly disagree, n (%)
  ------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------- ----------------------------------- --------------------------------------
  The virtual supermarket program was easy to understand                                                                                            38 (83)                          6 (13)                              2 (4)
  The products I purchased in the virtual supermarket resemble my usual food purchases                                                              41 (89)                          5 (11)                              0 (0)
  I could find my way around the virtual supermarket easily                                                                                         42 (91)                          3 (7)                               1 (2)
  The virtual supermarket contained sufficient product variety                                                                                      17 (37)                          13 (28)                             16 (35)
  I felt I had sufficient product choice options in the virtual supermarket                                                                         18 (39)                          10 (22)                             18 (39)
  Stock in the virtual supermarket is representative of stock in an actual supermarket                                                              31 (67)                          6 (13)                              9 (20)
  I could find the products I wanted to find in the virtual supermarket relatively easily                                                           36 (78)                          8 (17)                              2 (4)
  I could imagine doing my real-life shopping in the virtual supermarket                                                                            21 (46)                          8 (17)                              17 (37)
  Prices in the virtual supermarket are similar to prices in an actual supermarket                                                                  26 (57)                          14 (30)                             6 (13)
  In the shopping tasks, I think I spent around the same amount of money in the virtual supermarket as I would have in the same task in real life   27 (59)                          12 (26)                             7 (15)
  In the shopping tasks, I bought the same sorts of food and drink as I would have in the same task in real life                                    41 (89)                          4 (9)                               1 (2)

###### 

Food category purchases in the United Kingdom Virtual Supermarket (UKVS).

  -----------------------------------------------------------------------------------------------------------------------------------------------------------
  Food category                      Participants that were purchasers, %   Amount spent (£)   Grams purchased                                  
  ---------------------------------- -------------------------------------- ------------------ ----------------- -------------- --------------- -------------
  Bread and cereal products          96                                     93                 4.88 (3.31)       1.22 (3.30)    2056 (1190)     457 (1507)

  Fruits and vegetables              96                                     96                 5.24 (3.31)       0.72 (3.02)    2696 (1790)     217 (1626)

  Meat and fish                      75                                     83                 5.28 (3.30)       −0.11 (4.58)   765 (485)       −47 (777)

  Milk and dairy                     90                                     83                 4.71 (3.33)       1.12 (2.61)    2061 (1444)     390 (911)

  Sugar products                     33                                     37                 1.54 (1.18)       −0.14 (0.92)   370 (432)       −67 (336)

  Beverages                          85                                     67                 7.66 (13.61)      2.47 (9.56)    2418 (5217)     345 (1150)

  Composite foods or miscellaneous   83                                     76                 3.83 (2.79)       0.51 (3.03)    746 (503)       129 (655)

  Total                              \                                      \                  29.53 (19.55)     5.80 (13.90)   10,123 (6743)   1424 (4091)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Values represent means for the participants that made purchases in the category.

^b^SD: standard deviation.

^c^First shop minus second shop.

Variability in Purchases
------------------------

Details of food category level purchases in the UKVS are shown in [Table 3](#table3){ref-type="table"}. Participants spent an average of £29.53 per shop (standard deviation \[SD\] 19.55). On average, participants spent £5.80 (SD 13.90) less in the second shop than the first shop. Average spend was highest for *beverages* and lowest for *sugar products*. Nearly all participants purchased products in *fruits and vegetables* and *bread and cereal products*. [Table 4](#table4){ref-type="table"} displays overall nutrient content of purchases in the UKVS; differences between the two shopping tasks are provided to give an indication of within-participant variability. There was considerable variation in the mean nutrients purchased in the UKVS, and this was apparent in all three income groups. The high variability indicates that large sample sizes would be required to detect changes in nutrient purchases in a full trial in the UKVS. The total sample sizes that would be required to detect 5%, 10%, and 20% changes in nutrient purchases are given in the [Multimedia Appendix 1](#app1){ref-type="supplementary-material"}.

###### 

Nutrient quantities purchased in the United Kingdom Virtual Supermarket (UKVS) across all completers.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Nutrients                                                        All (n=46)          Lowest income (n=8)   Middle income (n=15)   High income (n=20)   
  ---------------------------------------------------------------- ------------------- --------------------- ---------------------- -------------------- ---------------
  **Mean amounts purchased^a^(SD^b^)**                             \                   \                     \                      \                    

  \                                                                Energy (kcal)       14,479 (8742)         10,247 (5489)          16,354 (8859)        14,282 (9878)

  \                                                                Protein (g)         836 (969)             1087 (1996)            941 (792)            632 (442)

  \                                                                Fat (g)             541 (353)             334 (240)              643 (335)            533 (403)

  \                                                                Saturated fat (g)   194 (125)             117 (91)               235 (130)            183 (129)

  \                                                                Carbohydrate (g)    1706 (1140)           1155 (547)             1830 (1195)          1764 (1275)

  \                                                                Sugar (g)           665 (549)             592 (714)              684 (491)            645 (545)

  \                                                                Fiber (g)           214 (153)             203 (208)              238 (174)            195 (128)

  \                                                                Sodium (mg)         13,750 (8290)         9634 (4545)            15,452 (9594)        13,829 (8607)

  **Mean percentage energy from selected macronutrients^c^(SD)**   \                   \                     \                                           

  \                                                                Protein             22.4 (17.6)           32.5 (39.8)            20.5 (7.5)           19.6 (8.2)

  \                                                                Fat                 33.0 (9.9)            29.2 (11.9)            36.8 (10.5)          31.6 (8.6)

  \                                                                Saturated fat       11.8 (4.3)            10.8 (5.61)            12.9 (4.7)           11.1 (3.6)

  \                                                                Carbohydrate        47.2 (9.4)            47.0 (14.1)            43.4 (7.8)           49.9 (8.1)

  \                                                                Sugar               18.7 (9.1)            22.0 (16.1)            15.7 (5.0)           19.7 (8.1)

  \                                                                Fiber               3.0 (1.1)             3.7 (2.02)             2.8 (0.9)            2.9 (0.5)

  **Mean difference between the two shops^b^(SD)**                 \                   \                     \                      \                    

  \                                                                Kcal                1825 (6732)           −238 (2728)            2437 (6927)          1894 (7884)

  \                                                                Protein (g)         53 (855)              −497 (1322)            220 (1006)           141 (401)

  \                                                                Fat (g)             62 (279)              −51 (126)              36 (271)             86 (289)

  \                                                                Saturated fat (g)   15 (123)              −19 (44)               −10 (113)            25 (119)

  \                                                                Carbohydrate (g)    259 (1192)            242 (569)              469 (1434)           133 (1286)

  \                                                                Sugar (g)           63 (409)              101 (272)              163 (421)            −26 (466)

  \                                                                Fiber (g)           27 (113)              −46 (144)              43 (126)             45 (89)

  \                                                                Sodium (mg)         2314 (7475)           −299 (3742)            3973 (10,185)        1560 (5712)
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^First shop minus second shop.

^b^SD: standard deviation.

^c^Average of the average of two shops across participants.

Discussion
==========

Summary
-------

This feasibility study set out to assess recruitment, retention, purchasing variability, and participant responses to the newly developed UKVS and to examine differences in the above by household income. We found that completion rates in the UKVS were lower than anticipated but that feedback from participants was positive and similar across all income groups. The results from this study suggest the UKVS would be a feasible tool for examining purchasing behavior in different income groups.

Comparison With Other Literature
--------------------------------

To our best knowledge, the UKVS is the first 3D simulation of a supermarket that has been developed exclusively for research purposes in the United Kingdom. Recent comparisons have shown that virtual reality better represents purchasing behavior in actual brick-and-mortar stores than picture-based approaches \[[@ref31]\]. This suggests that the UKVS may elicit more realistic purchasing behavior than other experimental settings, though future direct comparisons between purchases in experimental environments (including the UKVS) and the real-life environments they are designed to replicate (in this case brick-and-mortar stores) are warranted to examine this explicitly.

We are aware that other, non-3D online shopping platforms that allow participants to select from a list of possible food items have been developed in the United Kingdom \[[@ref30]\]. Forwood and colleagues' online shopping platform differs from the UKVS, as it was designed to mimic an online supermarket website rather than a brick-and-mortar store. Online shopping is growing in popularity in the United Kingdom, though the market share remains low at 6% \[[@ref32]\]. Given the variability in real food shopping environments, complementary evidence examining different types of purchases (eg, online vs brick-and-mortar stores) is needed to build a complete picture of the likely impacts of specific interventions on purchases.

The product selection in the UKVS is representative for what can be found in a real supermarket, and the tool contains over 500 different products. Other studies using supermarket models to study the impact of HRFTS on food purchases have offered a selection of as few as 60 products \[[@ref33]\], though more recent studies have had a selection of as many as 708 products \[[@ref14],[@ref34]\]. The stores surveyed as part of the UKVS product selection process contained between 2600 and 3300 food products, and online supermarkets contain around 11,000 food products \[[@ref30]\]. Smaller product selections in experimental environments may still elicit typical purchasing decisions given the large numbers of similar products in real stores, provided that the most commonly consumed products are represented. For example, there were more than 110 varieties of baked beans available in the online store used for this study.

The UKVS is similar to other virtual supermarkets developed by the same company. The New Zealand version has been validated against real purchases \[[@ref13]\], and the Dutch Virtual Supermarket has been used for a number of trials of pricing interventions \[[@ref11],[@ref12],[@ref35],[@ref36]\]. Across all the virtual supermarket studies, feedback from participants has been positive. The validation and use of previous virtual supermarkets and positive participant experiences suggest that the UKVS is a good experimental environment for testing the effects of pricing interventions.

This is the first study to examine how suitable the virtual supermarket environment is for examining purchases across different income groups. Positive feedback from study completers suggests that the UKVS is suitable for examining differences in purchases across different income groups. In real supermarkets, different availability of certain foods may influence observed differences in purchasing behavior across different groups. For example, an Australian study found that there are more energy-dense snack foods and soft drinks available in supermarkets in more disadvantaged neighborhoods than in less disadvantaged neighborhoods \[[@ref37]\]. As all participants are exposed to the same environment, the UKVS has the potential to examine the contribution of income and other socioeconomic factors to differences in purchasing behavior independent of differences in access and availability.

Strengths and Limitations of the UK Virtual Supermarket
-------------------------------------------------------

The use of the existing Dutch Virtual Supermarket as a template for the UKVS considerably reduced the resources required for development. The similarity of the Dutch layout with the layout of surveyed UK stores suggests that using a template from a different country is unlikely to have detracted from the realism of the UKVS.

Although the UKVS was developed primarily to assess the impact of HRFTS, the tool can also be used to assess other supermarket-based interventions. The UKVS software incorporates the ability to provide traffic light labels when participants hover over products, and shelf tags can be added to indicate promotions on a particular product. The UKVS is not designed to test the impact of changing product placement, but this feature could be added in future versions.

The next-day shopping task used in this feasibility study was selected to represent an important aspect of household food purchasing---smaller or top-up purchasing. UK data suggest that an increasing proportion of grocery spend is because of top-up shops compared with main shopping trips. Currently, top-up shops represent 61% of spending \[[@ref17]\]. In this study, 50% of participants stated that they would conduct a similar shop to the UKVS task on at least a monthly basis. This suggests that although not comparable to participants' usual supermarket routines, the task was nevertheless familiar to participants. Similar shopping tasks have been used in previous studies looking at the impact of price on purchases \[[@ref14]-[@ref16]\]. The size and type of shopping task that can be conducted in the UKVS is limited by the experimental environment---nonsupermarket and occasional impulse purchases are not captured. This means that results from trials in the UKVS will need to be combined with trials in other settings to build a full picture of the impact of changing prices on household purchases.

The external validity of UKVS and similar experimental studies is limited by participants not making real purchases \[[@ref13],[@ref15]\]. Self-report data from this feasibility study suggest that participant purchases were similar to their usual purchases. These responses, coupled with results from the NZVS validation study \[[@ref13]\], provide an initial indication that results from trials of pricing interventions in the UKVS would be externally valid. However, continued validation of experimental purchases compared with actual purchases and consumption patterns should be built into future studies of this kind.

Strengths and Limitations of the Feasibility Study
--------------------------------------------------

Completion rate of the study procedure was lower than we had anticipated. In addition, many of the reasons for noncompletion were not known. Completion in previous virtual supermarket studies was around 80% \[[@ref11],[@ref12],[@ref35],[@ref38]\], with 60% completion observed in the NZVS validation study where participants had to complete a series of shopping tasks over a 3-week period \[[@ref13]\]. Difficulties downloading the software and incorrect entry of email address appeared to contribute to noncompletion in this study. In the future, this could be minimized with additional methods to ensure participants receive user details (eg, text message \[short service message, SMS\] with user identifier or password, in addition to email and multiple email address entry).

There were several aspects of the feasibility study process that could be improved for future studies. Unfortunately, we were not able to collect data on the number of noncompleters who attempted to download the software. In addition, the registration process could be improved to better screen participants; one person who registered did not meet the criterion of being a primary household shopper, and it may have been possible for multiple people from the same household to enroll without our knowledge.

The relationship of completion with household income and participant feedback on problems with the download procedure indicate that some participants may need more support to take part in the study. In Great Britain, 82% of adults use the Internet every day or almost every day, and 89% of households have an Internet connection \[[@ref39]\]. Of the 11% of households in Great Britain with no Internet access, 59% report that this was because they did not need Internet access, 21% reported that this was because of lack of skills, and 18% reported cost barriers \[[@ref39]\]. These data suggest that some selection bias may have been created because of computer availability, but the magnitude of this bias is likely to be small. The sample in this study had high levels of education; 85.4% of participants had degree level or above education compared with 27.2% of adults in England and Wales \[[@ref40]\]. To improve recruitment and completion across all socioeconomic groups, future studies could adopt mixed recruitment approaches where participants have the option of remote participation or completing the study procedure at set locations where both computers and assistance from researchers are available to overcome barriers related to skill and computer cost. Completers across all three income tertiles appeared to have similar responses to the UKVS; this suggests that if completion rates were improved, the UKVS would be suitable for examining the impacts of interventions across different income groups.

We found that Facebook was less successful as a recruitment strategy than anticipated from previous literature \[[@ref2]-[@ref5]\]. In this study, we have provided details on views and clicks generated via Facebook to enable future comparisons of recruitment rates across different study types. In the PriceExaM study that was recruiting in the same time period using the NZVS \[[@ref41]\], Facebook adverts were more successful than observed in this study, but full analysis is still underway (Wilma Waterlander and Rita George, personal communication). The content of the UKVS adverts was similar to that in PriceExaM; features that differed were that PriceExaM adverts contained a video, and incentives and duration differed across the two studies (NZ \$40 payment for completing 5 shopping tasks over 5 weeks vs prize draw for completing two immediate shopping tasks). Future UKVS studies could consider testing a guaranteed incentive structure and incorporating videos into adverts to see whether these improve recruitment and retention in the United Kingdom.

This feasibility study collected purchasing data across a broad range of outcome measures to establish sample sizes required to detect changes across multiple outcome measures. Patterns of purchasing behavior in the UKVS reveal the types of intervention that are more or less suited to being examined in the UKVS environment. The UKVS would be an appropriate environment to examine the impacts of interventions that target a broad spectrum of foods, as the majority of completers made purchases across the majority of categories. However, the UKVS is less suited to trials targeting more specific food categories. For example, only one-third of participants made purchases in the *sugar products* category, which included chocolates and confectionery. This means that the impact of price changes on chocolates and confectionery would be estimated with poor precision in UKVS studies.

Suggestions for Future Research
-------------------------------

RCTs in the UKVS could provide valuable evidence of the potential effectiveness of HRFTS in the United Kingdom. However, as the UKVS represents a single purchasing environment, it is important that data from the UKVS are combined with information from other settings (eg, canteens, vending machines, fast food vendors, and restaurants). Schroeter et al \[[@ref42]\] note that a tax on away-from-home foods could result in overall increases in food consumption because of substitution behavior. Ideally, we need studies that can assess overall changes in purchases across multiple settings to establish the overall impacts of HRFTS on purchases.

Resource constraints are likely to continue to be an important barrier to testing pricing interventions in real life; artificial environments such as the UKVS can help fill this gap. Continued research is required to improve the external validity of experimental studies by identifying features of trial design that prompt realistic purchasing behavior in experimental environments. For example, Epstein et al \[[@ref43]\] charged participants for purchases made in an experimental setting from the (large) monetary incentive that was provided. They found that participants still spent more than they would in real life, possibly because of the additional income afforded by the incentive. An alternative approach may be to offer decoupled incentives. Households allocate budgets to particular categories of expenditure, and people are reluctant to spend money in one budget on items that fall under another budget \[[@ref44],[@ref45]\]. By providing incentives in a different form (eg, vouchers for clothing or payment of energy bills), experiments may prompt more realistic food purchasing behavior and provide adequate financial compensation to participants.

Conclusions
-----------

Participant feedback on the UKVS was positive, and self-report data suggest that the UKVS did reflect participants' real purchasing decisions. However, this study revealed important limitations with recruitment and retention in the UKVS that need to be addressed before the software can be used for a full trial. The results of this study suggest that the UKVS would be a feasible tool for examining purchasing behavior in different income groups if these issues surrounding recruitment were resolved (eg, by providing participants the option to participate at study centers in addition to online).
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Supplementary information.

3D

:   three-dimensional

ANCOVA

:   analysis of covariance

HRFTS

:   health-related food taxes and subsidies

NZVS

:   New Zealand Virtual Supermarket

RCT

:   randomized controlled trial

SD

:   standard deviation

UKVS

:   United Kingdom Virtual Supermarket
